Purpose The study was conducted to quantify the polycyclic aromatic hydrocarbons (PAHs) accumulation in urban soils from different functional areas via atmospheric inputs with particulate matter. Materials and methods PAH concentration and pattern were measured in the particulate matter of snow depositions, in the upper layers of artificial soils from densely built-up areas and in the undisturbed natural soils (Umbric Retisols) from green park area. Samples were collected in 2011-2013 at 58 sites with different traffic activities located at the territory of the Eastern Administrative Okrug of Moscow. The soil samples and filters with particulate matter were extracted by pressurized liquid extraction using Dionex ASE200. Clean-up analyses were performed on SPE cartridges filled with silica gel. Concentrations of PAHs were determined by high-performance liquid chromatography using an Agilent 1100 System equipped with fluorescent detector. Results and discussion Mean values of PAH input with snow particles were 45-57 μg/m 2 for recreational and residential zones, and 140-264 μg/m 2 for traffic zones. The samples of depositions from different functional areas showed a similar PAH pattern and consisted primarily of 3-4-ring PAHs. Total PAH concentrations in upper layers of artificial soils showed similar mean values of 1.43-2.21 μg/g for all functional zones. The PAH content in soils from the park area was twofold lower than that from the built-up area (0.34-0.63 μg/g), despite equal levels of atmosphere contamination on these territories. The upper layers of natural soils from recreational and traffic zones showed slight differences in PAH content, though PAH input with snow was fivefold higher in the traffic zone. Compared with airborne depositions, soils contained significant amounts of 5-6-ring PAHs. Conclusions A high level of soil PAH contamination in urban areas of Moscow, several orders of magnitude higher than the current PAH input to them from the atmosphere, indicates a lack of direct connection of the PAH pool in soils with this source. The high PAH content in the upper layer of constructed soils can be the result of repeated use of materials subjected to a constant technogenic impact for the production of artificial soils.
Introduction
Polycyclic aromatic hydrocarbons (PAHs) are considered to be ubiquitous environmental pollutants due to their atmospheric and aquatic circulation. Some PAHs can cause a number of adverse effects, such as immunotoxicity, genotoxicity, and reproductive toxicity (Qiao et al. 2006) , and they may pose a threat to the human health over a long period of time. The presence of PAHs in the environment has been shown to be associated with the growth of oncological and other diseases in the population (Slezakova et al. 2013) , and therefore, the study of the PAH behavior in heavily populated areas is of particular importance. These substances are long-lasting, poorly degradable pollutants that accumulate in the environment and possess a great affinity for organic materials in the soil, such as humus (Gennadiev et al. 2015) . Due to their high hydrophobicity and stable chemical composition, they have a relatively low Responsible editor: Jean Louis Morel solubility and can rapidly adsorb on soil particles (Tang et al. 2005) .
Sixteen PAHs have been selected by the US EPA as Constant Decree priority pollutants for regulatory purposes (Trapido 1999) . Among them, seven PAHs are probably cancerogenic for humans: benzo(a)anthracene, chrysene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene (Jiang et al. 2009 ).
Anthropogenic PAHs are mainly generated during the incomplete combustion and pyrolysis of carbonaceous materials, such as coals, and petroleum products-gasoline and diesel fuel (Trapido 1999; Nasr et al. 2002; Wang et al. 2010; Obiri et al. 2001) . Airborne PAHs, either in gas or particle phases, have been found to have a direct impact on human health. Ninety to 95% of polycyclic aromatic hydrocarbons are sorbed on solid aerosol particles. Atmospheric and dust particles containing PAHs are considered to be the main source of pollutants in the urban and industrial areas, where the traffic emission contributes up to 90% (Liu et al. 2011 ). Atmospheric inputs lead to an accumulation of PAHs in the urban soils that thus become a source for secondary reemission of PAHs (Agarwal 2009; Lv et al. 2010) .
With the increase in the intensity of road traffic in cities, the most polluted areas have moved from industrial zones to densely populated places. In addition, the spatiotemporal variability of emissions, as well as the changing conditions for the dispersion of pollutants in the atmosphere, results in the complex pattern of the varying fields of pollutant concentrations in urban conditions. For the urban areas, monitoring of accumulation and distribution of organic pollutants in ecosystems is associated with the difficulties caused by the changes in pollution intensity and sources, and by the variations in size and configuration of negatively affected zones and plant communities after rebuilding or remediation of the urban areas. This aspect determines the need for a comprehensive and dynamic approach to the study of PAH deposition values in urban ecosystems. Periodic seasonal observations on the behavior of PAHs in the interrelated air-soil system are also important.
The Eastern Administrative Okrug of Moscow occupies about 15% of the total area of the city and represents a typical example of a metropolitan area consisting of a combination of different functional zones. In the 1990s, the transition of thermal power stations from coal and fuel oil to natural gas has been accomplished in Moscow, and the number of industrial enterprises operating within the boundaries of the city has sharply decreased, which helped to reduce the industrial emissions of PAHs into the atmosphere. A sharp increase in the number of cars that started at the same time (150,000 in 1960, 500,000 in 1970, 5 million in 2012) led to an increase in the transport component of PAH emissions into the urban environment.
An analysis of snow cover contamination provides a fairly accurate data on the content and composition of PAHs in aerosols, since on the one hand, the wet deposition of particles from the atmosphere proceeds more fully with snow precipitation, and on the other hand, desorption from the surface of airborne particles and volatilization of organic compounds are more difficult at low temperatures. The complex study of the PAH concentrations and patterns in the soils and particulate matter of snow depositions can provide a useful and convenient information on the environmental quality of urban areas.
The aims of this work were as follows: (1) to determine individual concentrations of PAHs and their patterns in airborne particles, in constructed artificial soils and undisturbed natural soils (Umbric Retisols) collected in the Eastern Administrative Okrug (EAO), Moscow; (2) to identify seasonal variations of PAHs in upper soil layers; (3) to evaluate the possibility of PAH accumulation in urban soils via atmospheric inputs with particulate matter.
Materials and methods

Description of sampling sites
Soil and snow samples were collected at various sites located on the territory of the Eastern Administrative Okrug of Moscow in the municipal districts Metrogorodok and Golyanovo and in the National Park BLosiny Ostrov.^A total of 58 sites were chosen for monitoring. The locations of the sampling sites are shown in Fig. 1 . All of these sites are urban areas fulfilling their functional purposes and available all year round for free access of the population. Twenty-four sites belonged to the traffic-affected zones (Traffic-BUA and Traffic-NP). The sites were located on the roadside and wayside directly adjacent to the road; in front of the houses facing the road; on the median strips; in parking lots; and in dedicated garage zones. Sixteen sites were located within the recreational areas: in the forest park area, urban parks, and walking areas (Recrea-BUA and Recrea-NP). Eighteen sites were chosen in residential areas in typical courtyards near the houses built at different periods of time and having different numbers of floors (Resid-BUA).
The southern part of the investigated territory represents typical densely built-up urban areas with well-developed road network, industrial activities, large number of residential, commercial and public buildings, constantly visited walking recreational zones, and, respectively, with a variety of multiple sources of PAH pollution. All sampling sites have wellcultured grass, deciduous tree cover with a regular removal of fallen leaves, and constructed soils with a periodical (every 3 to 5 years) changing of the upper layer representing a mixture of peat, loam, and sand. The northern part of the Eastern Okrug is occupied by natural ecosystems of the Losiny Ostrov National Park-one of the largest forests located in the cities. The main anthropogenic source of PAH pollution in the park zone is the Moscow Automobile Ring Road (MKAD)-one of the busiest highways in Moscow that was built in 1961 and widened in 1999 from the initial four to ten lanes. On the territory of the National Park, sampling was conducted at the forested sites with deciduous (Tilia cordata) tree cover and with undisturbed Umbric Retisols.
Soil samples were collected in November of 2011 and April of 2012. A stainless steel auger (5 cm diameter) was used to collect the soil samples from a depth of 0-10 cm. Five soil samples were collected at each sampling site. Samples of atmospheric precipitation were collected at the sites with undisturbed snow cover before snow melting in March of 2011-2013. A 10-cm-diameter tube was used to collect snow samples from 3 to 5 points at each sampling site.
Sample preparation and analyses
In the laboratory, the soil samples were dried in the dark and roots and stones were removed. The soil samples were homogenized and sieved through a 1-mm sieve; the representative samples were obtained after coning and quartering. The snow samples were melted at the temperature of 10°C and filtered through a Millipore filter with the pore diameter of 0.45 μm. The obtained filters with particulate matter were dried and weighted.
The soil samples and filters with particulate matter were extracted twice with a mixture of dichloromethane:acetone (1:1, v/v) by pressurized liquid extraction using an Accelerated Solvent Extraction System (Dionex ASE200) at the temperature of 150°C and pressure of 1500 psi. The extracts were completely dried in a rotary evaporator and dissolved in 2 ml of n-hexane. Clean-up analyses were performed on solid-phase extraction cartridges filled with silica gel (BioСhemMack). Six milliliters of benzene was used to elute the PAHs. The eluents were completely dried and subsequently dissolved in 1 ml of acetonitrile. Described analytical procedure enables to carry out the quantitative determination of semivolatile PAHs with the exception of the most volatile homolog (naphthalene, fluorene, acenaphthene), in which quantitation is limited by the losses during the evaporation step.
The concentrations of PAHs were determined by highperformance liquid chromatography using an Agilent 1100 HPLC System equipped with binary pump, fluorescent detector, and Eclipse XDB-C18 250 mm × 4.6 mm × 5 μm analytical column. Analytical parameters were as follows: linear gradient elution with acetonitrile/water as mobile phase; flow rate 1.0 ml/min; injection volume 25 μl; excitation wavelength 280 nm; emission wavelength 405 nm. PAH quantifications were done after calibrating with external calibration standards in acetonitrile (ECROS). Compound concentrations were calculated using peak area response.
The assignment of individual PAHs was determined using a gas chromatograph (Agilent GC 6890N) with a quadrupole mass spectrometer (Agilent MSD 5975) and a DB-5 ms capillary column 30 m × 0.25 mm × 0.25 μm. The mass spectrometer was operated at SCAN mode.
The analytical method was checked for the precision and accuracy. Replicate analyses gave an error of ± 10%. The recoveries were checked by analyzing soil samples spiked with known amounts of PAHs. The average recoveries of individual PAHs were > 85%.
All statistical analyses (calculations of mean, median, minimum, and maximum values; cluster analysis) were performed with STATISTICA ver. 8.0. Hierarchical cluster analysis (tree clustering) was carried out on the data on content of all detected PAHs using Euclidian distance as measure of distances between objects in a multi-dimensional space and Ward's method of evaluating the distance between clusters. All variables were standardized before clustering.
Results
PAH pattern
11 PAHs were detected in all samples: phenanthrene (Phe), anthracene (Ant), fluoranthene (Flt), pyrene (Pyr), b e n z o ( a ) a n t h r a c e n e ( B a A ) , c h r y s e n e ( C h r ) , benzo(b)fluoranthene (BbF), benzo(k)fluoranthene (BkF), benzo(a)pyrene (BaP), dibenzo(a,h)anthracene (DahA), benzo(ghi)perylene (BghiP). All homologs were divided into two groups according to the number of aromatic rings: (1) low molecular weight (LMW)-three-to four-ring PAHs, (2) high molecular weight (HMW)-five-to six-ring PAHs.
Snow particulate matter Samples of atmospheric particulate depositions from different functional zones at densely built-up area showed a similar PAH pattern (Fig. 2) . They consisted primarily of three-to four-ring PAHs that accounted for about 85% of the total PAH content. For the samples taken in the recreational (Recrea-BUA) and public-residential (Resid-BUA) zones, fluoranthene noticeably predominated among low molecular weight polyarenes-23-25%. In the traffic functional zone (Traffic-BUA), the content of anthracene is high (22%), as well as fluoranthene (21%), and the pyrene content was higher than in the abovementioned zones. In all functional zones, the lowest relative content was obtained for chrysene-2%. In the pattern of high molecular weight PAHs, no differences between the functional zones were observed, except for the relative content of benzo(g,h,i)perylene-in the Traffic-BUA, the percentage of this compound in depositions was two times less than in other zones. Among high molecular weight PAHs, benzo(b)fluoranthene predominated: its relative content was 8-9%, which was approximately four times higher than that of the other 5-6-ringed PAHs.
For the sites located in the territory of the Losiny Ostrov National Park, LMW PAHs also predominated in the PAH pattern of solid atmospheric depositions, but their relative content was lower than for the sites of urban development-about 75% (Fig. 2) . The PAH patterns of the depositions from the traffic zones (Traffic-NP) and the green recreational zone (Recrea-NP) of the National Park exhibited a noticeable abundance of anthracene (21-23%). Among the low molecular weight PAHs, the contribution of fluoranthene was also high (18%); among the high molecular weight PAHs, benzo(b)fluoranthene absolutely dominated (up to 14%). The content of dibenzo(a,h)anthracene was the lowest (< 1%).
Soils For soils of all studied functional zones in the densely built-up urban area, a similar ratio LMW/HMW PAHs was observed both in the autumn and in the spring: the relative content of 3-4-ring PAHs was two times higher than that of 5-6-ring ones (Fig. 3) . Among the LMW PAHs, fluoranthene and anthracene predominated, and among the high HMW PAHs, benzo(b)fluoranthene predominated. These three compounds accounted for more than half (54-58%) of the total amount of all PAHs. In the soil samples, fluoranthene contributed a higher content of all PAHs than any other low molecular weight PAHs.
In the soil samples collected on the recreational territory of the Losiny Ostrov National Park at different times of the year, the ratio LMW/HMW PAHs differed: in the spring, the content of LMW PAHs in the soil was 2-3 times higher than that of HMW PAHs, whereas in the autumn, this ratio on average was about 1.5. At the same time, the natural soils of the National Park had a noticeably higher content of benzo(b)fluoranthene (up to 30%) and a lower content of pyrene, chrysene, and benzo(a)pyrene than the artificial urban soils (Fig. 3) .
The soils of in the built-up area was characterized by a 2-3-fold increase in the relative content of benzo(a)pyrene when compared with soils of the National Park territory. In the upper horizons of constructed artificial soils, the PAH pattern was more stable than in the undisturbed Umbric Retisols of the Losiny Ostrov National Park (Fig. 3) .
PAH content
Snow particulate matter The average level of accumulation of atmospheric depositions during the winter period in the Traffic-BUA zone was about 21 g/m 2 , which was 3-6 times higher than in the Recrea-BUA and Resid-BUA zones (Table 1 ). The total PAH content in the solid fraction of snow slightly varies for samples from different functional zones in the densely built-up area of EAO. However, due to different aerosol contents in the air, the total inputs of identified PAHs with solid atmospheric depositions over the winter period varied at different sites from 23.7 to 347.7 μg/m 2 . A higher level of PAH input is typical for the Traffic-BUA zone: the average PAH input here was 140 μg/m 2 , which was two times more than in the Recrea-BUA and Resid-BUA zones. The points in the Recrea-BUA and Resid-BUA zones were characterized by smaller variations in the values of the PAH input with solid fraction of snow depositions, in contrast to the Traffic-BUA zone (Table 1) .
On the territory of the Losiny Ostrov National Park, the high levels of accumulation of airborne particles in the snow (up to 115 g/m 2 ) were typical for the adjacent to the MKAD territory that was about a hundred meters wide (Traffic-NP zone), which exceeded deposition level within the Traffic-BUA zone. At the forest park Recrea-NP zone that was located far from highway, the aerosol content in the snow is two times lower than values obtained for the Recrea-BUA and Resid-BUA of the city. The PAH concentration in the solid fraction of the snow near the highway in National Park was similar to the values obtained for all urban areas (8-11 μg/g). Outside the Traffic-NP zone, the PAH concentration in the atmospheric depositions in the Recrea-NP zone increased 2-3 times (Table 1) .
The area of increased accumulation of PAHs in the snow was also located within the Traffic-NP zone adjacent to the MKAD. At a greater distance from the highway, within the Recrea-NP zone, the levels of atmospheric PAH input were reduced by 3-5 times and were similar to the values obtained for the Recrea-BUA and Resid-BUA zones of the city. The distribution of PAH input with airborne solid particles on the territory of the park outside the zone of strong influence of the highway was fairly uniform.
Soils
The total PAH content in the soil samples collected on the territory of the Losiny Ostrov National Park varied from 0.2 to 0.8 μg/g. The PAH concentration in the upper soil horizons decreased with distance from MKAD. A high PAH content (0.8 μg/g) was registered in the soil sample collected at the distance of 30 m from MKAD (Traffic-NP zone), and at the other sites, the PAH amount decreased by 2-5 times ( Table 2) . The values of PAH content in the soils under deciduous plant communities within the Recrea-NP zone in the spring were higher than in the autumn.
The total content of identified PAHs in urban soils of the densely built-up area varied from 0.2 to 6.9 μg/g ( Table 2 ). The mean values of PAH content were comparable in the autumn and the spring for upper layers of urban soils. Total PAH concentrations in the upper layers of urban artificial soils ranged within the wide limits with similar mean values of 1.43-2.21 μg/g for recreational, residential, and traffic zones. The low PAH concentrations were obtained for the soil samples of the Recrea-BUA and Resid-BUA zones, collected in both the autumn and the spring. However, significant differences in PAH content between soils of different functional zones were not observed, and high PAH concentrations in individual samples were typical for all zones of the densely built-up area. 
Discussion
PAH pattern
The cluster analysis of 2-year data on the content of 11 PAH homologs in snow precipitation particles shows that the PAH patterns are similar for the investigated sites in all functional zones. The sites grouped into a separate cluster are located in different functional zones, but they are all under the influence of high traffic activity, such as the sites in the National Park and in the built-up areas. All remaining sites are grouped into the second large cluster that is characterized by a lower level of traffic activity. The cluster analysis considering the content and percentage distribution of PAHs in the upper horizons of soils does not allow to classify soils in accordance with their belonging to different functional zones. Both the sites located in the recreational zone of the Losiny Ostrov National Park and the sites near highways and parking places in the Traffic-BUA zone get to the same cluster. Figure 3 indicates noticeable differences in PAH distributions for soils from the National Park and the densely built-up area in the autumn, while in the spring, the soils from green and urban areas have more similar distribution patterns. The PAH pattern of the top horizons of artificial soils is more stable during the seasons in comparison with the natural soils of Losiny Ostrov. In the soils of undisturbed ecosystems, the variability of the PAH content and profile may be associated with the seasonal dynamics of functioning of forest deciduous communities. A higher (threefold) ratio of benzo(a)pyrene/ benzo(g,h,i)perylene in the artificial urban soils compared to the undisturbed soils of the park reflects a greater contribution of road traffic to the formation of PAH pool in the dense builtup areas (Kuoppamaki et al. 2014; Kuppusamy et al. 2017) . A high content of fluoranthene and benzo(b)fluoranthene in the atmospheric depositions can also serve as a marker of automobile traffic pollution (Zuo et al. 2007; Banger et al. 2010) .
The PAH pattern in the soils of the investigated territory as a whole correlates with the data on relative contents of the Fig. 3 PAH distribution patterns (C/Ctotal %) of soils from recreational zone at densely builtup area (a), residential zone at densely built-up area (b), traffic zone at densely built-up area (c), recreational zone at National Park (d), and traffic zone at National Park (e), collected in the autumn and the spring individual PAHs in soils of cities of other regions. In the soil samples of a recreational zone of St. Petersburg (Russia), phenanthrene, fluoranthene, and pyrene were predominant-63% of the total PAH amount. In the urban soils of Agra (India), chrysene, benzo(b)fluoranthene, and fluoranthene predominated in all the functional areas studied; the percentage of four-ring PAHs comprises 47% of total PAHs (Masih and Taneja 2006) . In the soils of the natural-recreational zones and industrial zones of the Republic of Belarus, phenanthrene and fluoranthene were predominant (45% of total PAHs) (Kukharchyk et al. 2013) .
In the PAH pattern of soils in the built-up area, the percentage of low molecular weight PAHs comprises 66-72% of the total PAHs, whereas in solid atmospheric depositions, this value is 84-86% (Figs. 2 and 3) . When compared to atmospheric particles, upper soil horizons contain a greater amount of HMW PAHs, especially benzo(b)fluoranthene and benzo(g,h,i)perylene. The relative content of benzo(a)pyrene among PAHs in the soils is 2.5 times higher than that in the snow. The relative accumulation of HMW PAHs in the soils may be due to the fact that the high molecular weight compounds are less prone to physical, chemical, and microbial degradation. With the increase in the number of aromatic rings in the molecule, the microbial degradation of the compound in the soil is known to slow down (Johnsen et al. 2005; Haritash and Kaushik 2009 ).
Low molecular weight PAHs have a rather high hydrophilicity; therefore, the wet precipitation is more effective for their removal from the atmosphere than for high molecular weight PAHs, especially at low winter temperatures (Nasr et al. 2002) . At the same time, low molecular weight PAHs are considered to be more easily desorbed from soot and soil particles, which suggests their higher bioavailability and faster physical removal from topsoils when compared to heavy homologs (Ma et al. 2005; Gorshkov et al. 2006; Labana et al. 2007 ). Figure 4 summarizes the data on the content of 11 PAHs in different functional areas of the investigated territory. The PAH input with atmospheric particulate depositions was found to be 3-5 times higher at the Traffic-BUA and Traffic-NP zones than at the sites located in residential and recreational zones (Fig. 4) . In close proximity to roads, the PAH emission is related to the traffic intensity and vehicle density on this section of the road. Heavy traffic load on the MKAD resulted in higher concentrations of the total PAHs in atmospheric aerosol in the Traffic-NP zone in the National Park. The PAH inputs with solid fraction of snow depositions in the Recrea-NP zone located in the distance from MKAD in the Recrea-BUA and Resid-BUA zones do not differ (median The soils of different functional zones of the built-up area have similar content and composition of PAHs-the average PAH content is 1.5-2.2 μg/g. These values are 1.5-2 times higher than the permissible level (according to the Dutch List, it is equal to 1 μg/g) (Dutch Target and Intervention Values 2000) . The data on the total content of identified PAHs in soils of the city of Moscow (Table 2 ) are similar to the results obtained for soils of other cities in Europe, Russia, and Asia (Wild and Jones 1995; Wilcke and Muller 1999; Jiang et al. 2009; Shelepchikov et al. 2009; Nikiforova and Kosheleva 2011; Kukharchyk et al. 2013; Bojakowska et al. 2017) . The spatial distribution of PAHs in the soils of St. Petersburg (Russia) was similar to that described above: the levels of soil contamination in recreational and public zones appeared to be similar to those located in industrial and traffic zones (Lodygin et al. 2008) as the result of aerial transfer of pollutants.
PAH content
The highest average content of the most toxic PAHbenzo(a)pyrene-was found in the Resid-BUA zone for soil samples collected in the autumn-0.10 μg/g. In the Traffic-BUA and Recrea-BUA zones, the average content of benzo(a)pyrene in the autumn was 0.06 and 0.08 μg/g, respectively, and there was a tendency to a reduction of its concentration in the spring (up to 0.04-0.05 μg/g). A high level of variability in the content of benzo(a)pyrene does not allow to make a reliable conclusion about seasonal changes. For the same reason, Hesina et al. (1997) who studied seasonal variations in the content of benzo(a)pyrene in the soil also did not find significant differences in BaP concentrations corresponding to different seasons. The average concentrations of benzo(a)pyrene exceed the maximum permissible concentrations in the Russian Federation on average in 3-5 times.
For all PAHs in the soils of the traffic functional zones, the seasonal differences are less pronounced, compared to other functional zones. However, the observed tendency to the reduction of PAH content in the urban soils of the densely builtup area in the spring indicates that PAH physical removal and degradation by soil microorganisms are intensified in the spring. In the roadside soils of Beijing, seasonal changes in the PAH content had also been detected: PAH concentrations had been higher in the autumn and winter, compared with the spring and summer. The authors attributed this to the fact that 2-3-ring PAHs dominated among all PAHs, and due to the high temperature, they passed from the soil to the gas phase ) with atmospheric depositions (a) and PAH content (μg/g) in soils (b) at recreational zone at densely builtup area (1), residential zone at densely built-up area (2), traffic zone at densely built-up area (3), recreational zone at National Park (4), and traffic zone at National Park (5) (Liu et al. 2011) . Indian researchers pointed to the temperature and the microbiological degradation as the reasons for decreasing concentrations of PAHs in soils-as the temperature increases, volatility increases and microbial activity intensifies (Masih and Taneja 2006) . After the snow melts, PAHs adsorbed on the accumulated aerosol particles come to the surface of the soil, which leads to the intensification of the activity of hydrocarbon-oxidizing microorganisms that utilize most of the incoming organic pollutants at the conditions of increased temperature of the soil.
The upper horizons of Umbric Retisols collected at the recreational and traffic zones in the National Park showed only slight differences in values of the PAH content, though the PAH input with atmospheric particles was five times higher in the Traffic-NP zone than in the Recrea-NP zone of the park (Fig. 4) . The total PAH content in all samples of natural soils from the park zone was three times lower than in the samples of the soils from the built-up area, despite an equal level of atmosphere pollution on these territories.
Based on the obtained data, it can be estimated that the existing pools of PAHs in the upper horizons of all studied soils are two-three orders of magnitude higher than the annual PAH depositions on the soil surface from the atmosphere (Fig. 5) . The estimation have been made at the assumption that PAH accumulation in the snow cover goes on in Moscow for 4 months and therefore the annual PAH input to the soil surface will be three times greater. Taking into account a short time of forming of the upper layers of constructed artificial soils (3-5 years), this fact suggests the presence of additional contamination sources in the replaceable peatcontained mixture that is used for the production of urban soils. A similar conclusion can be made for the upper horizons of undisturbed natural soils in the National Park-despite a longer time of formation, they were at the conditions of high traffic pollution from MKAD only for the last 15 years. It should be noted that the PAH concentration in the atmosphere varies depending on the season and weather conditions (Baek et al. 1991; Menichini 1992; Liu et al. 2008; Dat and Chang 2017) . In the winter, atmospheric PAH concentrations in the temperate regions are generally higher than in the summer (Van Drooge et al. 2010) . Thus, the actual PAH input to the soil surface can be significantly lower and, consequently, the problem of explaining the presence of abnormally high concentrations of PAHs in urban soils with periodically replaceable surface layer is very acute.
Conclusions
In urban built-up areas of the Eastern Administrative Okrug of Moscow, a high level of PAH input with a solid fraction of snow was observed in areas with high traffic activity. In the public-residential and recreational zones, the PAH input from the atmosphere to the soil surface was much lower. At the same time, the PAH concentrations in aerosols were similar in all functional zones within the urban built-up areas, which is primarily due to the high density of the road transport network.
At the territory of the Losiny Ostrov National Park outside the highway adjacent zone, the input of particles from the atmosphere to the soil was much lower than in the city. However, the level of PAH input with atmospheric particles was similar to that observed in the off-road urban areas, which was due to the fact that light aerosol particles capable of aerial transfer on long distances are enriched with PAH molecules.
A higher proportion of HMW (5-6-ring) PAHs in soils than in atmospheric depositions indicates a significant contribution of soil processes to the formation of the PAH pool. In contrast to the soils located within the urban built-up area and in the transport zone of the National Park, seasonal variations are clearly pronounced in the upper layers of the undisturbed soils of the inner territory of the National Park.
A high level of soil PAH contamination in urban areas, several orders of magnitude higher than the current PAH input to them from the atmosphere, indicates a lack of direct connection of the PAH pool in soils with this source. The high PAH content in the upper layer of constructed soils can be the result of repeated use of materials subjected to a constant technogenic impact (automobile exhausts, pyrogenic processes, etc.) for the production of artificial soils. Obviously, the process of PAH transformation in artificial soils and grounds is much slower than in the natural soils of the city.
